Recent (and upcoming)

Testing Results
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Lighting product testing efforts

m National Lighting Product Information
Program (NLPIP)

m Program for the Analysis and Evaluation of
Residential Lighting (PEARL)

m ENERGY STAR® “Durability” testing

m Field Test DELTA (Design and Evaluation of
Lighting Technologies and Applications)

m Ongoing testing (time permitting)



Lighting product testing efforts

m National Lighting Product Information
Program (NLPIP)
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National Lighting Product
Information Program (NLPIP)

m [ests lighting products and publishes results
for public use: http://www.lrc.rpi.edu/nlpip/

m Research efforts directed by Sponsors
California Energy Commission

‘o Rapase Gt oL

New York State Energy Research and
Development Authority

Northwest Energy Efficiency Alliance
US Department of Energy

US Environmental Protection Agency
Wisconsin Focus on Energy

T L.i. .
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NLPIP - Project Updates

m Specifier Reports — online databases
Screwbase CFLs
Electronic Ballasts

m Lighting Answers
Mid-wattage metal halide lamps
MR16s
T5 Systems

m Ongoing Research (will discuss, time permitting)

SCFLs
Instant-start systems
Pulse-start metal halide lumen maintenance

T L.,



" S
NLPIP - Project Updates

Screwbase CFLs



Online supplement: SCFLs

soft Internet Explorer

ack - = - (D [2] 4 | Dseach Fiveda 4| Z- S E | CGogle-] =] Bseachied @iSeachic | @Pagelfor 7

Address I@ http: #/director. e ipi.edu/FPro?-db=CF Lscrewbase % 20MLFIP fp3&-lay=Full_Formé-format=/cfl/NLFIF_search. htmi-view j PG ‘ Links >

AL LIGHTIMNG PRODUCT INFORMATION PROG

Database Search: Screwbase Compact Fluorescent Lamps
(NLPIP Test Data)

Last Updated December 2002

Manufacturer

Catalog Number -MNo Selection - = -
Ballast Form  Selt-Ballasted © Modular

Ballast Type © Electronic ¢ Magnetic

Data Measured with Lamp in Base-Up Position

Active Power Eietween l—aﬂd l— watts
Power Factor Between l—and I—WNA
Current THD Between l—and l—%

Light Output Between l—and l—lumens

Data Measured with Lamp in Base Down Position

Active Power Between and watts
Power Factor Between and WiRVA

or =l
|&] Done [T [ intemet
st | Eladobe. | EMicios. | iPower. | [Elsentit.| [EFMicis. | @Miows.| s4tes.. | Elichin [[E15ere... || FE) & =3 A B 1243PM

Currant THN

http://www.Irc.rpi.edu/nlpip/default.cfm

)Rensselaer
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Online supplement: SCFLs

*Manufacturer name, model number

»Active Power (W) in Base-Up and Base-Down Positions
»Power Factor (W/VA) in Base-Up and Base-Down Positions
=Current THD (%) in Base-Up and Base-Down Positions
=[_ight Output (Im) in Base-Up and Base-Down Positions
»Position Factor (Base-Down + Base-Up Light Output)
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NLPIP - Project Updates

Electronic Ballasts



Online supplement: Electronic Ballasts

/3 NLPIP - Electronic Ballast Database - Microsoft Internet Explorer

File  Edt “iew Fawortes Tools  Help |

4 Back = =p - @ . ﬁ | @Search @Medla @ ‘ % ‘ @ ‘GO glf:‘vl 'l {8 Search wisb @ Search Site | 6 Page Info ~ =
Address @ htt / f j P Go &

Home  TecHwoLoGIES PuBLicaTiONs Sronsors GLOSSARY — ABouT Faq

NATIONAL LIGHTING PRODUCT INFORMATION PROGRAM

Specifier Repors: Electronic Ballasts (20007 is the NLFIF report that accompanies this database. It explains ballast and icati i ions, and
describes the methods used to gather this data. The report isfree in Adobe Acrobat format and can be downloaded from the NLPIP Publications page.

Electronic Ballasts Database

Specify Your Search Criteria:

Murnber of Lamps: 2 'l
Lamp Type: F32T8 'I

“oltage @120 ¢ 277 € 347 © Any
Manufacturer: I—Any Manufacturer— j
Show tested products only: Mo

Select Data Columns to Display:

1. | Starting Method =l

Columns marked with an 2. [Pawer* =l
asterisk () were 3. |F’Dwer Factor* j

tested by NLPIP. 4. [Current THD * =l

5. ILamp Current Crest Factor (CCF) * j

B IEIaHast Factor* =l

7. |Ballast Efficiency Factor* |

Select Sort Criteria: =

|@ ’_’_’_ ® Intemet
hstant || #5earc...| @lLihtin. | [ Micros. | linbor .| —uz003 .. | EFNEEP. | ENLPIP.|[ETNLP |Ame S |2 e

ttp://www.Irc.rpi.edu/nlpip/Eballast/1.cfm ® Rensselaer
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Online supplement (T8 ballasts)

NLPIP measures:

m Operating parameters: power (W), power factor,

current THD (%), lamp CCF, and lamp operating
frequency

m Starting parameters: Rh/Rc (for rapid start and
programmed start ballasts)

m Performance evaluation: ballast factor and
ballast efficacy factor (%/W)
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Other upcoming online supplements

Jan/03-Jun/03: Complete testing 64 T8-ballasts
and post online

Jul/03-Dec/03: Test dimming ballasts

Jan/04-Jun/04. T5 ballast supplementary test



NLPIP - Project Updates

Mid-wattage metal halide lamps



Lighting Answers: Mid-wattage
Metal Halide Lamps

.. . osoft Intemet Explo
Liphting Research Center Fiwa | tawr Fe Edt Mew Favoies ook Help
Lighting | schnolog e | 1WSIg LS ng NI ooarlunIEs | REeaTh B  werks " Seck - = - () [2] Y| Qseach i A 2 S B |Go e =] o SearchWeb  GiSeachdie | @Pagelnfar 7
- . Addiess [€] b /4w e piecutnipip v/ dierenceQuanzCeramic, asp =] @6o |Lnks >
. | I I || ]' L|q|'|t|“g T ¥olume 7 Issue 1 January 2003 =
[ — § ¥ Py Mid-wattage Metal Halide Lamps
NLPIP Home 3 =
Mo o Mo Holige Laogs - '? Wwhat is the difference between quartz and ceramic arc tubes?
i B HH Lamp= Q & A 4 Metal !’va\ide (MH) lamp arc tubes are made of either quartz or ceramic (see Figura 1.
~ ~ 5 Ceramic arc tubes allow higher arc tube termperatures, which manufacturers claim
Lo C L L results in better efficacy, color rendering, and color stability. Currently, lamps with
" . ceramic arc tubes are available mainly in wattages below 150 watts, Mid-wattage
L QA E w1 oo e By ke U sty bt mis-s ptese mety haos seurces ceramic MH lamps are only beginning to make their way onto the market. Only one
Spomsors and Credits | M3NUfSCLUTEr offers this product, which is also 3 pulse-start technology. (See "what is
Frid g friaim the difference between probe-start and pulse-start?")
Glossary
[——— e Figure 1. Arc tube construction
-t Site Map QMTrh Quarkz Quarkz Ceramic
[ a—
0 Operating electrodes
Ll Starting prabe
Bi-metal switch
W i
@
7 @
Y
Probe-stait arc tubes Pulse-start are tubes
=l
€] Done [ [ 4 Intemet
W OS-hgy NGUSIW G aLg ABEs. B Qg U
S 1ghting. Lie (Eher SSCharge ) R hstart||| E15eac..| &Lightn. | [ElMicros. | [ nbas.. | y2003 . | ENEER. | ENLPIP.| & Nation. [[E1nr. || B & Boe R nzsem
s SR & BTt
wtile bzhl na vinety of ceme
R to R b . . . . .
; . = = o
o 65 10 ), B - http://www.Irc.rpi.edu/nlpip/results.cfm?uid=882&title=Mid%2Dw
T N e gl by i ry i .
S sod £ndLER criy & iltad ey . %20 %20Halide%20
n : attage%20Metal%20Halide%20Lamps
LRSS ELE SR R L L R - R B LT Y I
(e
rhuvear
L i - 8 Rerseber
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Lighting Answers: Mid-wattage
Metal Halide Lamps

m Answers commonly asked questions 5oaseesiie carnann

m Helps lighting professionals
understand the technology
how the lamps work

differences between quartz and ceramic
arc tubes

differences between probe-start and . .:::,",'.":t.':.H.:,'::’.J,.‘...,,,m .
pulse-start technologies

burning position

warm-up and restrike times

m How to choose mid-wattage metal
halide lamps for applications

T: 1.

LAgiiliiiy o= o .
B‘g&‘?g ""hspe:: ter @ Rensselaer



" S
NLPIP - Project Updates

MR16s



Lighting Answers: MR16s

IJMH!W,IJI‘hﬂH‘ﬂT 2w | el | corbein | sbeud | nescrTes

Lightrg Tochrolaooe  Unng Lakd Ecducalons Opporbureice  Rooac® Rooulic Woding with 2ie LRC

#® MNLPIP = Lighting dson

Fod bt B fmin

Figure 2-2. Schematic diagram of how a dichroic coating works

SR Her-a 5 vl

. I IRfrared Reflector with
e e FRAG Mry Radiation [ ] Dichroic Coating
Rkl R A P W e S culfacebed nefecise, d e gl neTect o witS the i ide I:Heat':l

reficching roa] ourlize comoaned of fxnetr 24 povared by 3 refecive coobing. Theza

s uts provae optca conbid by petherrsg Uhe g5 fom i be Sl Ao cimate @

s B

Feadraad Baam of B P el rroes O PeTd R lamps Ravl 3 Pl e O

asm— Beripnd s ol Le0eE, Bt Thay g @1l cabed ME g By CorRnbn, Fguts - 4
JErp—— s BRLG 150w T 3R TR T
Ay Fhgmie -1, HERE LHI.MIM PETIE (T il ™ .
Filament
L e
o iy Halogen
Filament

Yisible Radiation (Light) Capsule

(?) Did YOU know?

Fome in different sizes. The size is determined by the maximum diar
W eighth-of-an-inch increments (1 inch equals 2.5 centimeters). The

da%r, ol N Sl omry
e the el cepaile o pos it teorfecior while & roflec i valb'e redaton

b . e S g g R lamp, the MR16, is 16 eighths of an inch or 2 inches {5 centimetd
e e Ml IS S Ko, et MR Mg tits Iarge_St n::|rn::umferer'n::e, hence the name "MRlEu." Other sizes ing
a8 D 2.5 centimeters, diameter) and MR11 (1-3/8 inch, or 3.5 centimets

The power ratings of MR16 lamps used in architectural lighting app

T http://www.Irc.rpi.edu/nlpip/results.cfm?uid=285&title=MR1

Foan e g o |1 ok a pa S p ER EE A |F R a

- P4 A o A L ETA Y - 6%20Lamps

B oo S e wr Pl w0 ety Pl ey roer |
-

T: 1 .°
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Lighting Answers: MR16

m Answers commonly asked questions

m Helps lighting professionals
understand
what MR16 lamps are

most important performance
characteristics

advantages and disadvantages

differences between MR16 lamps and
other types of reflector lamps

heat and quality differences

m provides pointers to lighting
professionals on how to choose
MR16 lamps for their applications

T L.,

AL 11[.—111
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R16 Advantages

Figure 3-3. Horizontal centerline illuminance plot of a reflector
CFL and an MR16 lamp

Wiidth of Painting |
1000
o B
S nn
="
- . =20 CFL
= 600 —a— 20U MR16
=
E 0
20-watt R40 CFL 20-watt 40° MR16 lamp 4 200 !
L
Figure 3-2. Illuminances {lux) on a::;;?;nlg:-'hpe painting from a reflector CFL and AR5 35 95 15 A0 5 15 2% 38 45 &
Pasition (Distance in Centimeters From Center)
[ 45 | *1 lux = 0,0929 footcandles

Z0-watt R40 CFL vs, 20-watt 40° MR16 lamp

20-wath R40 CFL 20-watt 40° MR16 lamp

t ® Rensselaer
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NLPIP - Project Updates

T5 Systems
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Lighting Answers: TS Systems

ZNLPIP | Lighting Answess | T5 Fluorescent Systems | Physical Characteristics - Miciasoft Inte N
Ele Edt Wew Favoiter Ieol Help E
o Back - = - (D [21 AV | Dscach Fhkieda £ 4 | SN b @D | Googte - < B ScachWeh @vSeachSite | #BPagelnia - 7
52 v i NLPIP | Lighting Answers T5 Fluorescent Systems | Case Study - Microsoft Intemet Explorer 5o [ >

I Figure 11. Cross-sections and Measured Luminous Intensity Distribution for the Absolute ]
Measurements

Luminaire 1 Lumi re I T
see larger view see larger view see larger view ses larger view

Table 11-2. Measured Light Dutput Data
(Measured by Luminaire Testing Laboratory, Inc, at an ambient temperature of 25°C)

Lurninaire Type Mo, Lamp Comnbination Input Power Light Output Lurninaire Efficacy
and Type () (I} (/v
1 Two-Ts HO 1216 6,552 70,3
Indirect lurninaire o=
2 Three-Ta 834 5,892 706 -
Two-Ts HO 121.3 6,390 69.2
Direct/indirect luminaire
Three-Ta 90.3 6,153 66.1
|&] Done [0 [ [ tnvemet

dstan | Elive | vz | @M | &N | @1nei | Eio | B | Enei | £ |[ETNC AR OEEBS Y [ & 1=0pm

http://www.Irc.rpi.edu/nlpip/results.cfm?uid=28
4&title=T5%20Fluorescent%20Systems
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Lighting Answers: TS Systems

m Answers commonly asked questions about TS lamps,
ballasts, and luminaires

m physical characteristics
dimensions of lamps and ballast
luminaire performance
m economic issues - benefits of TS systems
m design and application
proper applications of TS5 lamps
advantages and disadvantages of T5 vs.T8 systems



Lighting Answers: TS Systems

“Case study” results

m [emperatures — in open luminaires, possibly less than
optimal temperature for T5; in closed luminaires, TS may
function better than T8

m Greater optical efficiency — fewer luminaires can be used

m Light output comparisons — Im/W equivalent with T8, but
fewer luminaires could be used

m Economic comparisons — if layout permits reduced
number of luminaires, TS5 uplighting can offer advantage

m Glare concerns — T5HO = 3x luminance of T8



Lighting product testing efforts

m Program for the Analysis and Evaluation of
Residential Lighting (PEARL)
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Program for the Analysis and
Evaluation of Residential Lighting

(PEARL)

m Watchdog program

m Tests ENERGY STAR luminaires and CFLs that are
promoted by market transformation groups

m Data used internally by PEARL sponsors and
eventually US DOE and US EPA

m Supported and directed by
Utilities
Public benefits funding agencies
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Program for for the Analysis and
Evaluation of Residential Lighting

(PEARL)

m 3 cycles completed as of December 2002

m 20 CFL products and 10 fixture products are
selected per cycle

m Results
Some products delisted
Some products improved



Lighting product testing efforts

m ENERGY STAR® “Durability” testing



ENERGY STAR® “Durability”
Testing

m Steele (2002) showed premature failures in
ENERGY STAR lighting products

m Premature failures give poor impression to all
ENERGY STAR products (copiers, monitors, etc)

m US EPA wants to develop testing procedure to
reduce premature failures

m “Durability” testing placeholder in current spec



ENERGY STAR® “Durability”
Testing

Goals:

m Develop a simple testing method for "durability” to
reduce likelihood of premature failures of ENERGY
STAR light fixtures

m Build industry consensus on proposed testing method

m Perform pilot testing to fine-tune proposed testing

method
m http://www.Irc.rpi.edu/ltgtrans/energyStarDurability.html
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ENERGY STAR® “Durability”
Testing

m Consulted other researchers (PNNL)
O Industry roundtable

antas
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ENERGY STAR® “Durabillity”
Testing '

m Focused on temperature of
ballast

1 Critical locations, as per
ballast mfgr

1 Compare rated temp to
actual conditions
m Used UL apparatus and
procedure
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ENERGY STAR® “Durabllltyh

@) Rensselaer
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ENERGY STAR® “Durability”
Testing B ot

5 O Below
Maximum

B Borderline

1 O Above
13 Maximum

Magnetically-ballasted

samples
4 @ Below
5 Maximum
B Borderline
[0 Above
Q Maximum

Caveat: Maximum allowable temperatures... performance-based or safety-based?

T: 1.



ENERGY STAR® “Durability”
Testing

m [emperature measurement will be proposed
UL exemption issue

m Other follow-up work
Stress testing
Under- and over-voltage



Lighting product testing efforts

m Field Test DELTA (Design and Evaluation of
Lighting Technologies and Applications)



Field Test DELTA

m Helps lighting manufacturers evaluate products
before widespread commercialization

m If poor results, identify improvement opportunities

m If positive results, publish case study
Product description
Field test site
Methodology
Occupant feedback l::IELD TEST
Performance of product
Energy savings
Recommendations

T: 1.
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Field Test DELTA - Skyllght

m Installed four units in CT
warehouse

m Significant energy
savings, despite long
hours of operation

m Occupants appreciated
connection to exterior

m Commercialization
underway

T ,h: H;ui_lﬁ

Y ognaerh | antne
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Field Test DELTAS

m Integrated skylight
luminaire
(January 2003)

m Occupancy sensing
staircase lighting
(Fall 2003)

m Photovoltaic pole light
(Winter 2003)

FIELD TEST

:
i
:
:
:
-
=
s
A

T .2

1_:15111,1116
(&
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Lighting product testing efforts

m Ongoing testing (time permitting)
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Ongoing NLPIP Research

m Instant-start systems



Long-term Testing
Linear Systems

m Previous research

Focused on Rapid-Start ballasts and starting
characteristics

R./R: emerged from this research and
correlated to lamp life

Now we would like to focus on Instant-Start
ballasts and starting and operating
characteristics
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Long-term Testing
Linear Systems

m Linear T8 Instant-Start
Fluorescent Systems

1 Four Cycles
m 5 min on/ 20 min off
m 1 hron/ 20 min off
m 3 hr on/ 20 min off
= Continuous

1 Six unique systems

D.‘QQ.@"‘ !'."!". ‘_ antase
AR OLARILEE S i



Long-term Testing
Linear Systems

| | ; ‘ | | |

ANSI illustrated Lamp Arc Current
starting waveform iy
used to calculate

starting time (t = t3-t) | |

A sample measured
current waveform

Lamp Current (A)

) 20 40 60 80 100
Time (ms)

%) Rensselaer




Long-term Testing

Linear Systems

We believe damage during starting is related

to the voltage not the current

800

600+

400+

)
(=]
=

Lamp Voltage (V)
(=]

-400}

0 20 40 60 80
Time (ms)

100

B3 voltage

800,

20 40 60
Time (ms)

80 100

B9 voltage



Long-term Testing
Linear Systems

5 Min On / 20 Min Off Cycle Performance

—— CB1
e~ CB2
o~ CB3
——CB4
——BB5
e BB6
50% | AN o BBY
( O #Bpo® 3868 "20000 25000 30000 35000 40000 —*— BB8
\ ‘ —=— AB9
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100%

Lamp Survival(%)

el o AB12
0% -

Number of Cycles Until Failure




Long-term Testing
Linear Systems

5 Min On / 20 Min Off Cycle Performance

100%

50% - ! ‘
2500 3000

Lamp Survival(%)

“““““

3500

0%
Number of Operating Hours




Long-term Testing
Linear Systems

1 hr On / 20 min Off Cycle Performance
100%

S

= —a— CB1
% .= AB9
5 50% ‘ ‘ —--m-- BB7
2_ 15000 20000 25000

£

3

0% -
Number of Cycles/Hours Until Failure




Long-term Testing
Linear Systems

3 hrs On / 20 Min Off Cycle Performance

—— CB1
e CB2
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Long-term Testing
Linear Systems

3 hrs On / 20 Min Off Cycle Performance
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Long-term Testing
_inear Systems

5 Min On/ 20 Min Off Cycle Performance

100% @ o o
. —— e ey —— —
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o 0 10000 12000 14000 16000
8
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Lamp operating hours
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Ongoing NLPIP Research

m Pulse-start metal halide lumen maintenance



I
Pulse Start Metal Halide Lumen
Maintenance

Objectives:

m Evaluate standard and pulse start MH
lamp initial and mean lumen output

m Validate pulse start MH lamp “energy
story” against standard MH lamp

AAZIILIILY o )
Rggea :,,115(“9::%: @ Rensselaer
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Pulse Start vs. Standard Metal
Halide Lamp Manufacturer claims

m 20% increased initial lamp efficacy.

m Superior lumen maintenance
(80% vs.65% at 40% rated life for 400w ),
over 40% higher mean lumens (40% life)

m Up to 50% faster warm-up and restrike time
m Up to 50% increase In life

m Color uniformity: CCT +/-150K vs. +/-300K
during life



Plan of Study

m Lamp Type

Lamp Type Specification | Venture GE Philips oSl
Standard 250W MH250w/U 6 lamps | 6 lamps
Pulse Start 250W [ MS250w/BU/PS | 6 lamps | 6 lamps
Standard 400W MH400W /U 6 lamps | 6 lamps
Pulse Start 320W |MS320W/BU/PS 6 lamps | 6 lamps

m Ballast Type
Life test one Advance CWA ballast, base up

Measurement on standard reference reactor ballast,
base up

T L.i. .

R:earclCenter @) Rensselaer
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Measurement Variables

m Initial Test: after 100hr seasoning
Initial Lumens
System efficacy & lamp efficacy
Color variation

m Life Test: (40% rated lamp life):
Mean lumen output
Life time behavior
Color variation



Initial Testing Results

Test Lamp Output| ey | ENCIY | Mean | Stdev | Moan | Stdev
Mfgr A 320W Pulse Start 30368 949 3.0 67.3 0.5 3969 257
Mfgr A 400W Probe Start 37640 94.1 2.7 594 2.1 3897 201
Mfgr B 320W Pulse Start 30240 94.5 2.1 64.8 1.8 4779 158
Mfgr B 400W Probe Start 37800 94.5 75 64.3 1.5 4509 79
Mfgr C 250W Pulse Start 21950 87.8 2.0 69.6 1.0 4697 505
Mfgr C 250W Probe Start 20475  81.9 1.8 61.6 1.7 4382 462
Mfgr D 250W Pulse Start 26000  104.0 2.2 61.7 0.5 4371 237
Mfgr D 250W Probe Start 20650 82.6 3.9 63.4 1.0 4459 213

ncmae r.ﬂ!‘. I ontne
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Initial Light Output Comparison

320W/400W Metal Halide Lamp Light Output Comparision

Light Output (Im)

Mfgr A Mfgr B

O Pulse Start B Probe Start
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Initial Efficacy Comparison

Metal Halide Lam p Efficacy Comparision

110 -
105

100

95

90 -

85
80 -

Lamp Hficacy (Im/W)

75 -
70 -

65

60 -

Mfgr C Mfgr D

O Pulse Start B Probe Start
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Questions?



